Objective Limbic encephalitis (LE) is an inflammatory condition of the limbic system that has an acute or subacute onset. Several types of antibodies are related to the onset of LE, including anti-N-methyl Daspartate receptor (NMDAR) antibodies and voltage-gated potassium channel (VGKC)-complex antibodies. However, the characteristics and prevalence of LE remain unclear, especially in Asian cohorts, due to the rarity. We aimed to survey their characteristics. Materials and Methods Data of 30 cases clinically defined as "definite autoimmune LE" (based on the standard criteria) were retrospectively collected. These patients were categorized into four subtypes: NMDAR (+) (n=8), VGKC (+) (n=2), antibodies related to paraneoplastic syndrome (n=2), and an antibody-negative group (uncategorized) (n=18). Results LE is rare in Japan, and affected only 30 of 16,759 hospital patients (0.2%) over a ten-year period. The NMDAR (+) group showed distinctive symptoms, while the other three groups had similar indications. Brain MRI indicated significant medial temporal lobe atrophy at one year follow up after discharge. The prevalence of cognitive dysfunction as a complication was 64% (9/14). First-line immunotherapy resulted in a good outcome. A drastic improvement was seen from 4.0±1.1 to 1.1+ on the modified Rankin Scale. A good treatment outcome was observed in all groups (NMDAR, VGKC, and uncategorized), suggesting the importance of an early clinical diagnosis and the early initiation of treatment. Furthermore, we reviewed 26 cases that were clinically diagnosed as definitive autoimmune LE in previous case reports. Conclusion Our findings show that the establishment of a clinical diagnosis based on the clinical criteria of definitive autoimmune LE is important for the initiation of immunotherapy.
Introduction
Limbic encephalitis (LE) is an acute or subacute inflammatory condition localized to the structures of the limbic system in the region of hippocampus, amygdala, hypothalamus, cingulate gyrus, and limbic cortex (1) . The symptoms are often similar to those of viral or bacterial encephalitis.
Intern Med 58: 3369-3378, 2019 DOI: 10.2169/internalmedicine.3029-19 3370 bic region (4) . Subsequent research further characterized LE using neuro-imaging and discovered the related antibodies (1, 5) . Specifically, LE was considered a classical paraneoplastic syndrome -a secondary disorder caused by cancer or benign tumors such as small cell lung cancer, testicular tumor, Hodgkin's disease, teratoma, or thymoma (6) . Thus, LE is thought to be an autoimmune encephalitis syndrome related to antibodies that are specific for neuronal cell surface or synaptic proteins such as voltage-gated potassium channel (VGKC) complex antibodies, anti-N-methyl D-aspartate receptor (NMDAR) antibodies, alpha-amino-3hydroxy-5-methyl-4-isoxazole propionic acid receptor (AM-PAR) antibodies, gamma-aminobutyric acid-B receptor (GABABR) antibodies, and anti-metabotropic glutamate receptor 5 (mGluR5) antibodies (1) .
The NMDAR antibody is commonly seen in patients with LE. NMDAR is a hetero-tetramer comprised of two GluN1 subunits and two GluN2/3 subunits. The GluN1 subunit associates with LE involving NMDAR antibodies (7) . Moreover, patients with LE who have NMDAR antibodies show distinctive clinical characteristics, including younger age at onset (<45 years), female predominance, psychosis or abnormal behavior, and associated teratoma (8) . VGKC-complex antibodies, specifically leucine-rich glioma inactivated-1 (LGI-1), contactin-associated protein 2 (CASPR2), and contactin-2 are also related to LE. Among these, LGI-1 antibody is the most closely associated with LE, while CASPSR 2 is more closely related to neuromyotonia. Patients with LE related to VGKC-complex antibodies present with amnesia, seizures, psychosis, and cognitive decline (9) . Thus, these biomarkers inform the differential diagnosis of patients with LE.
Recently, Graus et al. defined the clinical criteria for autoimmune LE (1) . We retrospectively searched our medical records and collected the clinical information of 30 patients fulfilling the criteria for definite autoimmune LE. In addition, we collected 26 cases from 24 case reports or case series reported in Japan during an 11-year period ( Table 1) . We then compared these cases to our own to estimate the global prevalence of the various LE-related antibodies, as well as to evaluate therapies and the prognosis . In addition, some antibody tests are not commonly accessible in many hospitals in Japan. Furthermore, the global prevalence of each antibody in patients with LE remains unknown. In the present study, we surveyed the prevalence and clinical characteristics of patients with LE, categorized according to each antibody. Our study will expand the understanding of clinical characterization of patients with autoimmune LE.
Materials and Methods
This was a retrospective, multi-center study. The protocol was approved by the local ethics committee of each hospital (Juntendo University School of Medicine, Juntendo University Urayasu Hospital, and Juntendo Shizuoka Hospital).
Firstly, we reviewed the medical records of 16, 759 patients  from the three hospitals: 8,854 patients from Juntendo University School of Medicine between 2007 and 2017, 4,377  patients from Juntendo Urayasu Hospital between 2010 and  2016, and 3,528 patients from Juntendo Shizuoka Hospital  between 2007 and 2015 . We excluded patients who had epilepsy or infectious encephalitis with apparent pathogens. The cerebrospinal fluid (CSF) of all patients was tested for herpes viruses by polymerase chain reaction and was negative in all cases. We diagnosed 30 patients with "definite autoimmune LE" based on the previously reported clinical criteria: (1) subacute onset of working memory deficits, seizures, or psychiatric symptoms suggesting limbic system involvement, (2) bilateral brain abnormalities on T2-weighted imaging (T2WI), fluid-attenuated, inversion recovery (FLAIR) magnetic resonance imaging (MRI) highly restricted to the medial temporal lobes, (3) pleocytosis in the CSF or on electroencephalography (EEG), with epileptic or slow-wave activity involving the temporal lobes, and (4) reasonable exclusion of alternative causes (1). Among the 30 cases of autoimmune LE, we collected the clinical information of each patient, as well as the laboratory data on VGKC-complex antibodies and anti-NMDAR antibodies. The methods for measuring the titers of VGKC-complex antibodies have been previously mentioned (34) ; in the present study, the cut-off value for VGKC-complex antibody positivity was >400 pmol/L. Due to technical limitations, we did not screen for anti-LGI-1 antibodies or anti-CASPR2 antibodies related to the VGKC complex. Regarding NMDAR antibodies, we measured the titers in the CSF or serum using either a quantitative analysis, as described previously (35) , or a quantitative assay using anti-NMDA receptor antibodies (EUROIMMUN, Luebeck, Germany). In addition, we excluded cases with herpetic simplex virus limbic encephalitis, encephalitis related to HHV-6, and other types of LE, such as neuropsychiatric systemic lupus erythematosus, Hashimoto's encephalopathy. In the same manner, we collected cases previously reported in Japan. A statistical analysis was performed using the unpaired Student's t-test or Fisher's exact test. The GraphPad Prism 6 software program was used to perform the statistical analyses (GraphPad Software, San Diego, USA).
Survey of the cognitive functions at one-year after onset
We collected the clinical data of 14 patients who were followed-up for one year after discharge. These data included the same clinical parameters that were measured on admission. We divided the 14 patients into two groups: (1) cognitive decline after one year (n=9), and (2) no cognitive decline after one year (n=5). We then surveyed the differences between the two groups to ascertain the factors that were related to cognitive decline after one year. Cognitive decline was defined based on neurological findings, cognitive tests such as the Mini-Mental State Examination or the revised Hasegawa's dementia scale during hospitalization or GAD: glutamic acid decarboxylase, LGI-1: leucine-rich glioma inactivated-1, NMDAR: anti-N-methyl D-aspartate receptor, VGKC: anti-voltage-gated potassium channel, VGCC: voltage-gated calcium channel, Glu-R: Glutamate receptor at one-year after discharge.
Survey of Japanese reports over the past 11 years
We searched the PubMed database (https://www.ncbi.nlm. nih.gov/pubmed) for Japanese patients in English-language reports published during the 11 years between 2008 and 2018 using the keywords: "limbic encephalitis" and "Japan."
We summarized the clinical data of each patient, as well as the antibodies that were detected. We could not collect the clinical details at the one-year because few of the previous case reports contained this information.
Results

General overview of our 30 patients
During the study period, LE was rare in Japan, affecting only 30 of 16,759 hospital patients (0.2%). The clinical details of all 30 patients are summarized in Table 2 . Their mean age at the onset was 49.3±55.1 years [±standard deviation (SD); range 21-82]. The male:female ratio was 16: 14. The mean duration from disease onset to hospital admission was 44.9±85.0 days (range: 0-365 days). The mean duration of hospital admission was 62.8±41.0 days (range: 8-180 days), which was significantly shorter in comparison to previous reports [134±113 (range: 30-420 days); p=0.003]. Symptoms such as fever or cough at onset occurred in 30% of patients (9/30). Tumors were detected in 26.7% of patients (8/30). The specific tumor types were as follows: ovarian teratoma (n=2), thymoma (n=2), brain tumor and nasopharyngeal cancer (n=1), nasopharyngeal cancer (n=1), testicular tumor (n=1), and uterus neuroendocrine tumor (n= 1; previously reported by our group) (36) . The prevalence of complicating tumors was significantly lower in comparison to previous reports (26.7%, 8/30 vs. 61.5%, 16/26; p=0.01). The prevalence of comorbid tumors in each antibody group was as follows: 3/8 NMDAR (+) patients, 0/2 VGKC (+) patients, 2/2 patients with antibodies related to paraneoplastic syndrome, and 2/16 uncategorized patients. Thus, NMDAR was more frequently associated with tumors in patients with LE than in uncategorized patients or those with VGKC.
The initial symptoms at onset were as follows: seizure (n =12), consciousness disturbance (n=10), psychosis (n=8), fever (n=4), character changes (n=4), hallucination (n=3), stereotyped behavior (n=2), memory disturbance (n=2), cognitive decline (n=2), ataxia (n=2), aphasia (n=2), and involuntary movements, hemiparesis, headache, gait disturbance, dyskinesia, depression, and delirium (n=1 each) ( Fig. 1 ). EEG showed abnormalities in 19/27 patients (70%), including diffuse slow waves, sharp waves, poly-spikes, and spike and wave. In our 30 cases, the analysis of the patients' CSF revealed a relatively high cell count, 37.1±49.7/μL (range 0-176, normal value: under 5), and total protein level 55.9± 45.3 mg/dL (range 17-177, normal value:15-45) ( Table 3) . When each of the NMDA antibody groups and the uncategorized group were compared, no significant differences were observed in the CSF cell count and total protein level. Furthermore, no differences were observed when the values of previous cases were compared with our own. The prevalence of intubation in our 30 patients was 30% (9/30). The prevalence of intubation among our patients was not significantly different from that in the 26 previously reported patients (32.0%, 8/25) (p=1.00) ( Table 3) .
Characteristics of patients with and without antibodies
Regarding antibody positivity, 8 of 21 patients (38.1%) had an anti-NMDAR antibody and were defined as "NMDAR (+)," while 2 of 12 patients (16.7%) had VGKCcomplex antibodies and were categorized as "VGKC (+)." Two patients harbored antibodies related to paraneoplastic syndrome (anti-Ma2 antibody and anti-Yo antibody, respectively). The other 18 patients were placed in an uncategorized group, including 11 NMDAR (-) patients, eight VGKC (-) patients, and four patients who were not tested for NMDAR and VGKC-complex antibodies. Next, we compared the clinical symptoms among the following three groups: 1) all patients, 2) 8 patients in the NMDAR (+) group, and 3) 18 patients in the uncategorized group. In addition, we used the data of 26 previously reported cases (Table 2). The NMDAR (+) group showed distinctive characteristics including a female predominance (male:female ratio= 1:7). The age at onset in the NMDAR (+) group (mean±SD: 35.8±6.9 years, range: 28-45 years) was significantly lower than that in the uncategorized group (p<0.05). The duration from disease onset to hospital admission in the NMDAR (+) group (mean±SD: 17.6±18.3 days) was shorter than in the uncategorized group (53.4±106 days). The duration of admission (approximately 50-70 days) did not differ among the groups to a statistically significant extent. The incidence of infection-like symptoms at the onset was high in the NMDAR (+) group (62.5%, 5/8). Furthermore, the rate of psychosis in the NMDAR (+) group was significantly higher than that in the uncategorized group (87.5% versus 11.1%; p=0.004). The VGKC (+) group and the group with paraneoplastic syndrome-associated LE could not be analyzed as due to the small number of patients. 
The characteristics of patients with prolonged admission
Comparison of the MRI findings on admission and at one year
In 23 of the 30 enrolled patients, brain MRI (T2WI or FLAIR) on admission showed bilateral abnormalities in the medial temporal lobes. None of the patients showed atrophic change in the same region (Table 3) . At one year after discharge, brain MRI indicated that 28.6% (4/14) of the patients had areas of abnormal intensity in the medial temporal lobes, and that 57.1% (8/14) had atrophic changes. A comparative study of the follow-up findings showed significant changes between the disease onset and one year after the 
Selection and efficacy of treatments
We selected intravenous methylprednisolone pulse therapy in 28 of 30 cases, oral prednisolone in 24 cases, plasma exchange in 9 cases, IVIg in 13 cases, and antiepileptic drugs in 21 cases (Table 4 ). In most cases, we initiated steroid therapy and did not commonly use rituximab or immunosuppressant drugs because their use for this purpose is offlabel according to our health insurance system. Nine patients temporarily required respiratory management by intubation and a mechanical ventilator (30.0%, 9/30). The rates of each treatment did not differ among the antibody groups in our cohort (Table 4 ). Overall, the administration of medications resulted in good outcomes. The modified Rankin Scale indicated drastic improvements at three points: admission, discharge and one-year after discharge among 30 patients [4.0± 1.1, range 2-5, 2.4±1.7 (±SD), range 0-6, and 1.1±1.3, range 0-5, respectively], for each of these comparisons between discharge and one year after discharge, the p value was <0.0001 (Table 5 ).
In comparison to previous cases, we were more likely to use anti-epileptic drugs and oral prednisolone after the firstline treatment. Previous investigations have commonly used other treatments, including surgery or chemotherapy to treat primary tumors or cancers. Generally, in previous cases as well as well as our own cases, intravenous methylprednisolone was the most common treatment, followed by oral prednisolone, IVIg, and plasma exchange in equal quantities. Among the 30 patients, we evaluated the prognosis at discharge from our hospital: 63.3% (19/30) of the patients improved, 23.3% (7/30) showed no change, 10% (3/30) worsened, and 3.3% (1/30) died. Four cases showed deterioration after one year of follow-up. The causes of deterioration were primary malignant cancer, progression of liver cirrhosis, and non-response to first-line immunotherapy.
Comparison of patients with and without cognitive decline at one year after discharge
In the survey carried out at one year after admission, the cognitive function could be evaluated in 14 patients. Nine patients showed cognitive decline, while 5 showed no cognitive decline (n=5). Patients with cognitive decline tended to have an older age of onset in comparison to those without cognitive decline (Supplementary material 1) . None of the other parameters differed between the groups to a statistically significant extent.
The clinical outcome of each patient at discharge
The clinical outcome at discharge was categorized into 4 groups: improved, no changes, worsened and death. The prognoses, as determined from medical records, were as follows: improved, 63.3% (19/30); no changes, 23.3% (7/30); worsened, 6.6% (2/30); and death, 6.6% (2/30) (Fig. 2) .
Prevalence of various antibodies related to LE in previous reports from Japan
We collected 26 patients from 24 case reports of patients clinically diagnosed with definite autoimmune LE ( Table 1 ). The mean age at onset was 43.6±18.4 years (range 5-71). The male:female ratio was 8:18. The cause of LE was a malignant disorder in 9 patients (23.1%), teratoma in 7 patients (27.0%), other causes or comorbidity in 2 patients (7.7%), and undetermined in 11 patients (42.3%) (Supplementary material 2). The prevalence rates of the various antibodies were as follows: NMDAR (46.2%, 12/26), VGKC (19.2%, 5/26), Hu (7.7%, 2/26), glutamic acid decarboxylase (GAD) 
Discussion
Thirty patients were retrospectively surveyed and clinically diagnosed with autoimmune definite LE with or without the relevant antibodies. The prevalence of definite autoimmune LE among the patients admitted to our hospitals was 0.2% during the 11-year study period. These 30 patients initially showed clinical symptoms at onset (which occurred in middle age), along with seizures, consciousness disturbance, psychosis, fever, and character changes. Areas of abnormal intensity were observed in the bilateral medial tem-poral lobes on brain MRI and abnormalities were observed on EEG. The mean duration of hospitalization was relatively long (approximately 60 days). However, most patients improved after first-line immunotherapy. At one year after discharge, the patients presented better outcomes. Intriguingly, various types of LE, including NMDAR, VGKC, and uncategorized, showed better outcomes in the evaluation of the modified Ranking Scale at one year after discharge. Thus, the results suggested the similarities of the symptoms, course, and response to treatment of LE patients, regardless of the associated antibodies that were identified.
Screening was not performed for other types of antibodies associated with LE [AMPA, GABA, GAD, Gly-R, or the subtypes of VGKC (e.g., LGI-1 and CASPR2)]. The prominent features of NMDAR (+) were highlighted in this comparative study. The NMDAR (+) group showed a female predominance, younger age at onset, shorter duration from onset to admission, higher prevalence of comorbid teratoma, and a higher rate of infection-like symptoms at onset. Thus, these characteristics may be useful to distinguish NMDAR (+) from other types of autoimmune LE. With regard to VGKC (+) LE, two positive patients presented with a middle-age onset, and this group showed good responses to first-line immunotherapies.
There have been many reports on autoimmune LE. Among the 501 NMDAR (+) LE patients reported from 200 centers in 35 countries, distinctive factors were seen, including a female predominance, relatively young age at onset (10s to 30s), and a high prevalence of behavioral abnormalities and cognitive dysfunction (2) . Dyskinesia and other movement disorders, and a high prevalence of cerebrospinal fluid and electroencephalography abnormalities were observed. Half of the patients were complicated with mature or immature teratoma (37) . Approximately 80% of the patients showed favorable outcomes after first-line immunotherapy. Second-line immunotherapies such as rituximab and cyclo-phosphamide were useful for the patients who did not have a good response following first-line immunotherapy. Firstline treatments yielded a good outcome after 24 months of follow-up in 97% of the enrolled patients. These findings largely match those of our NMDAR (+) patients. VGKC (+) LE patients frequently presented symptoms of seizures, psychiatric disturbance, dystonia, and cognitive impairment (in patients with the LGI-1 antibody) and amnesia, insomnia, dysautonomia, and neuromyotonia [(Morvan's syndrome) in patients with the CASPR2 antibody] (9) . Overall, the cooccurrence of tumors is rare. Our patients with NMDA (+) or VGKC (+) shared similarities with these patients.
Importantly, in the series of patients from the present study, groups with undetermined antibody profiles were predominant (18/30). They commonly had better outcomes, with a good response to first-line immunotherapies and rarely had comorbid tumors (11.1%, 2/16). It follows that, with the exception of the NMDAR (+) group, most patients clinically diagnosed with definite autoimmune LE showed similar symptoms and progression, irrespective of antibody positivity or negativity. We therefore emphasize the importance of a correct clinical diagnosis, based on the standard criteria for autoimmune LE, as well as the immediate initiation of immunotherapy (1) .
We summarized the cases of 26 patients that were reported in Japan over the past 11 years. This summary was not a serial screening study from a single cohort; thus, it may have included some bias. For instance, authors usually report cases that are atypical or in which patients are positive for antibodies. In line with this, the data indicated that the NMDAR antibody had the highest prevalence (50.0%, 13/26), followed by the VGKC-complex antibody (19.2%, 5/ 26). These values are close to those of the present study, where NMDAR and VGKC were detected in 38.1% (8/21) and 16.7% (5/26) of the patients, respectively. In all studies from Japan, NMDAR was the most common antibody, followed by VGKC. The prevalence of other antibodies, including Hu, GAD, Glu-R, Ma2, and voltage-gated calcium channel antibodies, seems to be low. Another retrospective study investigated the prevalence of antibodies among 190 Japanese patients with various types of autoimmune neurological disorders (including LE) over a 10-year period. The following LE-associated antibodies were detected: NMDAR (n= 39), AMPA receptor (n=3), LGI-1 (n=3), GlyR (n=3), GABA (A) (n=2), GABA (B) (n=1), and unknown (n= 6) (38) . These findings suggest that the prevalence of the NMDAR antibody is likely to be high among patients with autoimmune neurological disorders. Further studies with larger cohorts and screening for all antibodies should be performed to confirm our findings. In the summarized data from previous reports that were included in this study, the comorbidities of autoimmune LE were: total (61.5%, 16/10), ovarian teratoma (19.2%, 5/26), thymoma (7.7%, 2/26), other tumors (34.6%, 9/26), and no complication of tumors (30.8%, 8/26). In contrast, the detection rate of related tumors in the present study was 26.7% (8/30). Overall, 20-60% of patients had autoimmune LE as a collateral effect of benign or malignant tumors. If such tumors are resected early, the outcomes would be more favorable and the incidence of recurrence would decrease (37) ; thus, it should be recommended that clinicians survey for tumors at onset. In our one-year follow-up survey, we identified factors that tended to predict prolonged cognitive decline at one year after discharge, which were older age at onset (Supplementary material 1).
A large study of 577 patients with NMDAR encephalitis demonstrated better outcomes after first-line immunotherapy (63.0%). Patients who received additional second-line immunotherapies, such as rituximab and cyclophosphamide, presented even better outcomes (2) . However, the percentage of our patients who showed improvement after first-line treatment was still 63.0%; thus, clinicians should always ensure that they expand the availability of second-line immunotherapy in patients who do not respond to first-line therapy. As mentioned above, a non-response was related to the severity of the primary disorder or the type of complication. These factors also determine the patient's prognosis. Our study was associated with the following limitations: (1) a retrospective design, (2) a small number of patients due to the rarity of the disease, (3) partial screening tests for the LE-associated antibodies, and (4) bias from previous case reports. These factors may have influenced our results.
Conclusion
To conclude, we observed unique symptoms in 30 patients with clinically definite autoimmune LE with heterogeneous causes and prognoses. These findings emphasize the importance of making a clinical diagnosis of definite autoimmune LE and the prompt initiation of treatment. We hope to promote quick and easy-access screening tests for antibodies related to autoimmune LE.
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